Objective: To evaluate the renal parenchymal area in human fetuses, providing a descriptive analysis on the renal area development by demographic factors during the second gestational trimester. Material and Methods: We analyzed 84 fetuses (44 males and 40 females), for a total of 168 renal units evaluated in terms of longitudinal length, superior pole width, inferior pole width and thickness. Renal volume was calculated by ellipsoid formula. After renal pelvis dissection, length and width were evaluated; as pelvis is free of urine, we considered thickness as 1mm. Renal pelvis volume was also calculated by ellipsoid formula. Renal parenchymal area was assessed by excluding the volume of the renal pelvis from the total renal volume. We performed the statistical analysis by simple linear regression assessing the association between the variables analyzed with the fetal age. 
INTRODUcTION
Hydronephrosis is defi ned as a dilation of the renal pelvis and / or renal calyces and is the most common fetal urinary tract alteration, present in approximately 50% of the reported cases of genitourinary abnormalities (1) . Its diagnosis is performed with ultrasound (US) examination, using as a parameter the anteroposterior diameter of the renal pelvis in the transversal plane (APDRP) (2) . Antenatal hydronephrosis increases the risk of postnatal pathology (3) . Mild to moderate dilatations of the fetal urinary tract are associated with high incidence of postnatal nephropathies with potential clinical effect that need close follow-up and medical care (4) .
The Society for Fetal Urology (SFU) defined a subjective graduation system for assessment of hydronephrosis (5) . In this system, the status of the calyces is the key while the size of the renal pelvis is less important, and therefore its measurement would not be considered necessary (5) . A consensus meeting was convened in 2014 and has attempted to correct that by adding size of renal pelvis into their criteria. The proposed Urinary Tract Dilatation (UTD) Classification System was based on six categories in ultra-sound findings: 1) anterior-posterior renal pelvic diameter (APRPD); 2) calyceal dilation; 3) renal parenchymal thickness; 4) renal parenchymal appearance; 5) bladder abnormalities; and 6) ureteral abnormalities (6) .
However, it is known that diagnostic methods with high sensitivity can lead to a large number of false positives (7) . Thus, it has been proposed that analyzing the renal parenchymal area could better predict the functional reserve of kidneys (8, 9) .
In times of improvement in technology on image diagnosis, radiologists are able to measure one more dimension, making it possible to gauge not only areas, but also volumes; so fetal kidney volumetry can be assessed, and functional reserve of the kidneys could be given in terms of renal parenchymal volume. An accurate assessment of the renal parenchymal volume can be achieved by excluding the volume of the renal pelvis from the total renal volume, so the renal parenchymal volume (RPcV) is the gross volume of the kidney in maximal longitudinal length minus the volume of the collecting system (10) . Renal parenchyma volume may be important in terms of prognostication of renal reserve, and renal pelvis diameter may be relevant for early prediction of those who are failing conservative management needing surgical intervention. If the parenchyma is compromised, this is a late sign of kidney obstruction when compensatory mechanisms have failed and so, a low renal parenchymal volume could be associated with increased risk of end-stage renal disease.
The analysis of fetal kidney and pelvis development is well known (11) (12) (13) . Nevertheless, the parameters of the renal parenchymal volume and its development during the human fetal period have not yet been well defined in the literature. The hypothesis stated in our study is: analysis of the growth curves of the RPcV during the fetal period can provide a reference values for the volume of fetal kidney.
The objective of this paper is to evaluate the renal parenchymal volume in human fetuses, providing a descriptive analysis on the renal parenchymal area development by demographic factors during the second gestational trimester, to provide standard values for prenatal hydronephrosis evaluation during US.
MATERIAL AND METHODS
This study was carried out in accordance with the ethical standards of the hospital's institutional committee on human experimentation.
We studied 84 fresh human fetuses (44 males and 40 females) ranging in age from 12 to 23 weeks post-conception (WPC), during the period from January 2016 through August 2017, for a total of 168 kidneys. The fetuses were macroscopically well preserved. The fetuses came to our laboratory as a donation of the Obstetric section of our hospital. The fetuses were macroscopically well preserved, showed no signs of malformations and the demise was hypoxia. The gestational age was determined in WPC according to the foot-length criterion. This criterion is currently considered the most acceptable parameter to estimate gestational age (14) (15) (16) . The fetuses were also evaluated regarding total length (TL), crown-rump length (CRL) and body weight immediately before dissection. The same observer made all the measurements. All the kidneys with anomalies (fusion, rotation, duplication) and renal pelvis dilation were excluded from the study.
After the measurements, the fetuses were carefully dissected with the aid of a stereoscopic lens with 16 / 25X magnification. The kidneys were removed together with the ureters, bladder and genital organs. After kidney dissection, we evaluated the following measurements: renal length, width of the superior pole, width of the inferior pole and renal thickness.
After taking the kidney measurements, the renal pelvis and the major calyces were carefully dissected, with removal of the renal parenchyma around the renal pelvis, whenever necessary, for accurate identification and measurement of these structures. The following renal pelvis measurements were taken with the help of a magnifying lens and a digital pachymeter (calibrated in millimeters): transverse diameter of the renal pelvis (measurement obtained between the distal pelvis extremity and the confluence of the major calyces), and the longitudinal diameter of the renal pelvis (distance between the two extremities of the pelvis, i.e., upper-most and lower--most) (Figure-1) .
The fetal renal volume was calculated using the ellipsoid formula (10): Renal volume (RV) = renal length x renal thickness x renal width (lower pole + upper pole) / 2 x 0.523.
Since the pelvis was free of urine in the fetuses analyzed, we considered the thickness of the renal pelvis as 1mm, to the fetal renal pelvis volume was calculated using the ellipsoid formula too: fetal renal pelvis volume (RpvV) = renal pelvis length x renal pelvis thickness (= 1mm) x renal pelvis width x 0.523. An accurate assessment of the renal parenchymal volume (RpcV) can be made by subtracting the volume of the renal pelvis from the total renal volume (10, 17) .
Statistical analysis
We performed the statistical analysis using the mean values for each measurement (Weight, TL, CRL and age) by simple linear regression assessing the association between the variables analyzed with the fetal age. In addition, the correlation coefficient (r2) and the p value were obtained for each regression analysis. The correlation coefficient values < 0.4 reflect very weak correlations and the r2 values > 0.7 reflects a strong correlation. p ≤ 0.05 was considered to indicate statistical significance. Software Graphpad Prism 5.0 was used.
RESULTS
The fetuses presented gestational ages between 12 and 23 weeks post conception (WPC); weighed between 30 and 780g (median = 241.5g; IQR = 135.5) and had crown-rump length between 9.5 and 22.2cm (median = 16cm; IQR = 2.6). The data on fetal anthropometry and kidney measurements are presented in Table- 1. The summary of the findings regarding the volume of the kidneys, pelvis and parenchyma for each gender and sides are shown in Table- We performed simple linear regression analysis between RPcV and RPvV of the right and left kidneys irrespective of gender, correlating them with fetal age, weight and fetal crown--rump length. LC comparing renal parenchymal volume and age, weight and crown-rump length were assessed, so r² values for the correlations of the right kidney parenchymal volumes and age, weight and crown-rump length were 0.46, 0.67 and 0.50 respectively; r² values for the correlations of the left kidney parenchymal volumes and age, weight and crown-rump length were 0.49, 0.64 and 0.46 respectively. LC were also assessed for analysis between renal pelvis volume and age, weight and crown-rump length, so r² values for the correlations of the right kidney pelvis volumes and age, weight and crown-rump length were 0.25, 0.30 and 0.31 respectively; r² values for the correlations of the left kidney pelvis volumes and age, weight and crown-rump length were 0.29, 0.28 and 0.32 respectively (Figure-2) .
Although all the correlations were positive, it must be said that r² values less than 0.4 reflect very weak correlations; r² between 0.4 and 0.7 reflects moderate correlations and r² greater than 0.7 reflects strong correlations. Figure-3 shows the correlation graphs and the linear regression of renal pelvis volume related to the fetal parameters studied.
DIScUSSION
Hydronephrosis with clinical significance has an incidence of 1 / 600, while the prevalence of the hydronephrosis detected during the gestational period is 1 / 50, suggesting that the condition is resolved in many people with development and without the need for treatment (3) . Routine prenatal ultrasonography, usually performed at 16 to 20 weeks, has revealed many cases of in utero hydronephrosis (3) . According to SFU recommendations, objective parameters have also been used to assess prenatal hydronephrosis (5, 6) .
The dilatation of the collecting system has usually been assessed by measuring the APDRP, due to its technical simplicity and reproducibility. However, this measure, which is operator-dependent, may have variations. It has also been observed that in the course of the examination, there may be states of intermittent dilation of the renal pelvis and its collecting system (18) . In the second trimester of pregnancy, values greater than 4mm, or in the third trimester values above 7mm, are considered dangerous (5, 18) . According to a meta-analysis, the risk of postnatal pathology rises significantly with increasing degree of hydronephrosis (3).
Prediction of future renal deterioration or need for surgical intervention in infants with high-grade hydronephrosis is very important to stratify patients and counsel parents (1, 3, 7) . Accordingly with some authors, the precise calculation of renal volume with US using the ellipsoid formula would be inappropriate, since it can underestimate the renal volume, so MRI could be more precise to make these measurements (19, 20) ; but it has some disadvantages as being more expensive and the need of sedation, so US is still being more usual during the study of prenatal hydronephrosis (3, 5, 6) .
A combination of the renal parenchymal volume and APDRP can provide better prediction of postnatal renal function in fetuses with congenital hydronephrosis (21) . The new ultrasound techniques, such as three-dimensional (3D) ultrasound using imaging programs, open new perspectives for measuring kidney and renal pelvis volumes. Recent papers show that the RPcV measured by USG is the most promising parameter to evaluate renal disease in fetus with hydronephrosis (22, 23) . Kennedy (24) (9) is very important because the normative measurements of kidney growth assessed could be important to identify those at risk for chronic kidney disease progression. Some articles have been published about kidney measurements in human fetuses to obtain standard values for obstetrical analysis (11) (12) (13) . The measurements of renal length and renal pelvis volume can be easily correlated with the fetal parameters during prenatal evaluation (2-4). The renal volume, length and pelvis measurements in human fetuses have been previously studied (11) (12) (13) , but the RPcV has not been analyzed in human fetuses. This paper presents the first analysis in medical literature of renal parenchymal volume in human fetuses.
In our sample, formed only by fetuses with 23 WPC or less, we did not observe statistically significant differences between any of the renal measurement parameters evaluated between the sexes. We also did not identify statistically significant differences in relation to renal volume parameters when comparing the right and left sides. Various parameters have been proposed to determine the gestational age of human fetuses. Crown-rump length and fetal weight are some of the most important (25, 26) . Studies correlating fetal parameters with RPcV during the human fetal period are rare in the literature. This article again is groundbreaking by correlating RPcV and RPvV with fetal weight and CRL. We observed that RPcV and RpvV are also correlated significantly and positively with fetal age, crown-rump length and weight, in the right and left side in both male and female fetuses. These measurements and correlations can be useful for the evaluation of prenatal hydronephrosis as a normative pattern, primarily by US and also by MRI.
We should mention some limitations of this study: 1) small sample size -168 kidneys are an insufficient number to determine kidney growth with sufficient accuracy. The access to human fetuses is limited, so observations of this sample of 84 human fetuses may be important despite small sample; 2) unequal samples by WPC distribution in the period studied. Nevertheless, the sample distribution during this important period of kidney development was adequate in our opinion; 3) the absence of urine in renal pelvis has led us to assume pelvis thickness as 1mm, we understand that urine volume and pelvic distension / diameter is a dynamic measurement that varies and fluctuates when measured with ultrasound, but as an anatomical study this standardization was the key to solve that limitation. 4) It would be interesting to see if there is a correlation between our post--mortem measurements and parenchymal volume measurements taken by fetal MRI or US (either 2-D or 3-D) with calculations of renal parenchyma area as previously described. This would account for the urine effect in the renal pelvic volume measurement, but due to technical difficulties this evaluation was not possible in our sample.
cONcLUSIONS
The renal parenchymal volume had a moderate positive correlation with fetal age, crown--rump length and weight in human fetuses in the second gestational trimester. The growth curves of renal parenchymal volume can provide a reference for the functional volume of the kidneys during the fetal period and would give the control to non-invasive image measurements estimating these values.
Studies with the more accurate imaging methods available today could be performed with a larger sample of individuals in an attempt to assess the feasibility of the use of renal parenchymal volume analysis as a method of fetal evaluation in the context of hydronephrosis. 
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